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A SURGICAL NAVIGATION TOOL 



This inventioii relates to a surgical navigation tool. 

It can be necessary in surgical procedures to drill a hole in a bone. The drilled hole might 
be used to fasten an implanted component or an iristrument to the bone. It can be important 
that the location and orientation of the drilled hole is accurately controlled, for example to . 
avoid damage to surrounding tissue. It can also be important to ensure proper positioning 
(for example location and alignment) of the component or instrument that is to be attached 
to the bone. 

It is known for example to attach implanted components to a patient's spinal column using 
screws which are inserted into holes drilled in the pedicle. Such components can be used 
for example to restrict or to prevent relative movement between vertebrae. The use of 
screws has advantages over other fixation techniques, for example using hooks, because of 
the greater control that is available over the location of the components, both during and 
immediately after the surgical procedure, and also in the longer term. However, accurate 
location of the hole in the pedicle is fundamentally important in order to avoid dantiage to 
CNS tissue. 

It is common to plan a surgical procedure using images of the patients tissue, for example 
a CT image. This can be used to identify the site for fixation of an implant or an 
iostrument, including for example the location and orientation of holes that have to be 
drilled in a patienf s bone. It is necessary then to move fi:om the CT image data to locate 
Ihe fixation site relative to the bone itself. In the case of fixation to a patient's spinal 
column, it is an established technique to test the location of a fibcation site by forming a 
pilot hole in the pedicle (for example using a drill bit or a pedicle probe). The hole can 
then be probed to ensure that the pedicle wall has not been penetrated. However, accurate 
location of the hole relative to the patient's bone can require generation of image data, for 
example using X-ray or fluoroscopy techniques. 
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In one aspect, the present invention provides, an instrumient for locating an axis on or in 
relation to which an orthopaedic surgery procedure is to be performed, which comprises: 

a. a column member comprising upper and lower parts of which the lower 

. part caji:be fastened to a bone, the uppQr part having amiating surface? at its lower 
end which defines an upper part mating plane andthe lower part having a mating 
surface at.its.upper end yvhich defines a, lower part mating plane, the upper, and 

% lower parts being connected to one another withfhe matiiig surfaces in contact 
with one anotiier in such a way that the upper and lower parts Qan be rotated 
-relative to one another about an axis which is perpendicular to the mating planes, 
the axis being non-parallel to the axes of the upper and lower parts of the colunm 
member,. 

b. • a guide having an opening extending through it, which is fastened to the 
upper part of the column Ddember so. that it extends transversely relative to the 

- upper part of the colmnn member and .can.be moved relative, to the upper part of 
. thecplumnmembervsp aS: to change the^ . 
poi»t at whiph tte guide is fastened to the upper part of ^flje column-memberf 

The tool of the present invention has the advantage that it allows an axis to be located 
accurately relative to a patient's bone accurately and simply. The two parts of the colunon 
member provide a simple meohamsm fp^^ the orientation, of 1]^^ .axis,.and the 

movement pf the gmde relative to the upper part of the polymn member .allows ^selection of 
l^e distance of the axis ftqua tile .colu^m^^lea^^ . 

Preferably, the guide comprises a plate, which has -atieast first and second openings . 
extending through^it, the distance fi:om.tiie.„point at which the plate is faste^ed to the upper 
part of the colunm member to the first opening being greater than the di.starice .firom the 
point at which. the plate is fastened to the ^pppr part of thff colunan member to flie second 
opening. For example, Ihe plate can haye ?i plurality of openings eprtending .tijipu 
arranged on a helical line around th? ppmt at. which the plate is festened to the upper part of 
the column member. The distance from the said fastening point to the closest opening is 
preferably not more than about 15 mm, more preferably not more than about 10 mm. 
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Pr^ferably, the distance from the said fastening point to the opening Which is furthest from 
the fastening point is at least aboitt 20 mm, more preferably at le^ kbout 25 mm, 
especially at least about 30 mm. 

The plate can have the configuration such as would result from it -being formed from a 
continuous sheet of material; However, the plate can have other configurations, for 
example comprising a plurality of spokes in which the openings ea:&, ptovided. The spokes 
can be formed from a continuous sheet of material. However, the plate can be formed from 
more than one piece of material: for extoiple, when the plate Cioimprisfes a plurality of 
spokes, the Spokes can be provided by. dijfferent pieces bf material which arejoined 
together to form the plate. 

The guide component of the instrument can be an arm which .has an opening in it. 
Preferably, the length of the arm can ba varied, . for example by means of tWo telescoping 
parts. The. lenjgth of the arm can be controlled by means of a driver which moves the parts 
relative to one' another, for example by means of a stepping motor. • 

Preferably, the guide can be rotated relative to the upper part of the column member, about 
the point at S^diich the guide is fastened to the upper part of the colu3mn member. It is 
particularly preferred that the too! includes a motor for rotating the guide relative to the 
upper part of Ihe coluinn mernber. * 

Preferably, eatoh of the mating surfaces of the upper and lower parts of the column member 
is planar. However, the surfaces might be non-planar, for example to make the engage- 
merit of the upper and lower parts'Of the column member more secure. For example, one 
of •the::mating :siuf aces inight have a recess formed in it, and the other of the mating 
surfaces .might have a protrusion which can fit into the, recess. The mating planes that are 
defined by the surfaces will generally be defined by the edges of the surfaces, and will be 
perpendicular to the aris ajbout which the parts rotate relative to one another.- 

Preferably, the angle betweenthe axis of relative rotation* and the axis of the upper part of 
the.colmxm member is the same as tjie angle between that rotation axis and the axis of the 
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Ibwer part of the column member; . Preferably, the angle betwefen the axis df relative ' • • 
rotation and the axis of the lower part of the column member is at least about 5°, more 
preferably at least about 10°* for example about 15°. 

Preferably, the height of Ihfe colunin laelnber is at least abotit 25 mm, more preferably at 
iMist about 40 Tntti, especially atleast about 60 inm. 

Preferably, the instrumattt includes a inotor for rotating vppcr part of the column mieanber 
relative to the lower part of tite coluiful ihember. 

Preferably, tiie instrumfent includes a connector by which the lower part of the column 
member can be fastened to a bone. For example, the connector can comprise clamp parts 
which are configured to fit onto bone structures. Alternatively, the connector cbh be fitted 
to wires which are festened to bone structures, for example by insertion into the spinal 
process in the case of a spinal plication; Suitable clamp parts ate fcaown, for fitting to a 
patient!s spinal Column at to anotiier4jone structure. The lowrar part of flie column member 
can be attached to the comiector, preferably so that rotation of the lower part of the column 
meiflber relative to the bohe, afouhd the axis of the lower part^ of the (Solunin member,is 
permitted. Preferably, the ii^trument includes a motor for rotatiQg the lower part of the 
colmnn member relative to the bone. ~ 

Preferably, the instrument of the invention includes at least one marker by which the tool 
can-be located relative to th6 patifenf s bone;. Generally, the instrument will include a 
plurality of markers, for tofiainLple two, three or four markers. These can be used to locate 
the instrument relative to ^datomical landmarks on the patient's honey or relative to markers 
which have been implanted in the patient's bone; The nature of the markers will depend on 
the nature of the moniteitihg- System which is being used to- locate the instrtiment For 
example, the n^kers can be selected to'be visible using fluoroscopic tddmicjues, or the 
mstrumentcto have a shadbw-vMdi is tiniquely idetttifiableih tiie fluoroscopic image. 

Preferably, the guide coihpohent of the ikstrument is made from aradid-tiranslucent 
material so that it does hot prevent the areation of images of the patient's bone. Othar 
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components of: the. ixj^struxu&nt can also be m;ade:fi:om radio-translucent material*. However, 
it can be preferred for other components to.be made from metals in some cases. Examples 
of suitable metals might include certain stainless steels and titanium-based alloys. 

Preferably, one or more motors which are incorporated in the instrument are. controlled 
using appropriate computer . apparatus. .For example, the motors might be stepping motors, 
controlled by appropriate pulse drive signals which are generated by a computer. 

in anotnejr aspect^ me mvennon provides a navigation system lor locatmg an axis on or m 
relation to which an orthopaedic surgery procedure is to be performed, which comprises a 
navigation tool ;as discussed above. The system can include other components. For 
example, it can ihchide a cutting tool which can be used to cut the bone along an axis that 
is determined by the navigation tool. The cutting tool can be a drill. The cutting tool can 
fit through the opening in the guide when appropriately aligned.relative to a patient's bone, 
to driU a hole in the bon^. Alternatively, a separate guide.can be positioned using the . 
navigation .tQoJ of thednvention, which is then used to align a, drill or oth^ cutting tool, 

The navigadon system of the invention! oan include a computer which iaused to .control the 
navigation tQol, for example, to provide drive signals to motors by which components of the 
navigatiloja tool are moved relative to one another. The navigation system can include 
sensors for determining the location of the navigation tool. 

Embodiments of the present invention will now be described by way of exainpte with 
reference .to.lhp accompanying.drawingsi in which: 

Figure 1. is a side view of the navigation tool of the present invention. 

Figure 2 is .a plan view of the tool shown in Figure 1 . 

Figure 3 is an isometric view of a clamp which can be used to &sten the navigation tool to 
a;patien^s spinal columrL,.,.. 
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Figure 4 is a yiew of the navigation tool of the present invention positioned in relation to a 
patient's spinal column so as to.enable the axis for a drilling step intp.the pedicle to be . , 
defitned: 

Referring to liie drawings. Figure 1 ^hows.a navigation tool 2 vAAch comprises a column 
member having an. upper part 4 qni a low^r part 6. Hate lower part 6 can be jBastened to a 
clamp 8 which, can be fitted to a patient's bone. 

The tool 2 includes a guide plate iO,: . 

The upper part 4 of the^column menlb.er has a.lower facfe which defines a niating plane 12, 
which is inclined to the axis 14 of the upper part at an angle of 1 5 . Similarly, the lower 
part 6 of the column .member has an upper,face which is inclined to the axis 18 pf the lower 
part an angle of IS''. The lower face of the uppqr part and the upper fape. of the lowerpart 
are in facQ-to-fece contact wiUi one another on the. mating plane. . . 

The tool includes a guide plate 10 which is festened to tihe upper part 4 of the column 
ni^ber at (pt towards) its upper end. As shown in Figure 2, the guide plate has a serios of 
openings 20 extending through iti arranged on the surfece of the guide plate on a linei 24 
which follow3 a;helical path around ;the centre of the plate. 

The lower part 6 of the column member is able to rotate relative to the clamp 8. The guide 
plate 10 is. able to rotate relative to the upper part 4 ofvthe colimm memberi^:The upper part 
4 of the column member is abte.to totatip on the mating plane 12 relative to the lower part 
6- Relative rotation between the upper and lower parts ofthe column member causes the 
angle between the axes 14, >18 to change, betweeii 0** as shown in Figure 1 and 30** when 
the upper part has been rotated relative to the lower part through ISO"". Motors are 
provided in the. colunm riiember by which the relative rotation of adjacent parts ofthe 
navigation tool can be controlled. Signals for driving the motors in the column member 
can be generated using a computerhaving appropriate software. For example, when the 
motors are stepping motors, the control system can generate pulse signals to drive the 
motors. 
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Figure 3 shows a clamp 40 which is fastenied to a patieaat's yertebra 42, and which provides 
a platform 44 on which the topi of the invention can be. mounted. The precise form of the 
clamp is not important to the function of the tool. The clamp should provide a secure 
mounting platform which iS located stably relative to the bone. Such clamps are known. 

Figure 4 shows a vertebra 50 viewed.along the spinal axis which has a navigation tool 
according to the present invention held inxelation thereto in order to allow a drilling axis 
52 to be identified so that a hole can be drilled into the patient's pedicle. 

Use of the system of the present invention to define the axis for drilling into a patient's 
bone (for example the spinal pedicle) involves the following sequence of steps. . . 

1 ; The location of a drill axis.is, determined in pre-operative planning using 
appropriate images of the. patient's bone, so that the location of the axis is known relative to 
reference points on tiie patients bone, (which, can be provided by implanted markers or by 
anatomical landmarks). 

2. ' A small incision is made to allow access to tiie patients bone. 

3v . The clamp, for the navigation tool lis festened to the bone, for example by directly . 

engaging the bone tissues, or by means of previously fixed v/ires. 

4. ' The tool is positioned in a reference configuration. 

5. The location and orientation of the tool is determined relative to implanted 
riiarkers or anatomical landmarks on the patientis bone using appropriate inspection or • 
scanning, instrumentation. Eor example, a fluoroscopic imaging system could be used to 
generate two calibrated^ stereoscopic, synchronized .images . to identify the location of the 
drill guide and the bone to which it is attached in 3 dimensional space. The trajectory of the 
drillcan then be planned and the resujtantraxis and direction of the guide programmed 
from this plan.. The orientation of the guide could then be positioned-^ described below. 

6. . Drive signals are supphed to the navigation tool of the invention, involving " 
relative movementtetween (a) the upper and lower parts of the colxmm mmiber,: (b) the 
lower part.of the column member and the damp, and (c) the upper part of thfe column 
member.and the guide plate, so that one of the openings in the guide plate is positioned and 
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oriented appropriately to define a diill axis extending into thfe patient's bone^ consistent 
with that defined in the pre-operaitive planning. 

7. A dnLl is used extending along the axis^defined by the opening in the gviide 
member tq form a bore in the bone. 



